The aim of this study was to investigate the dynamics of the microflora during Montasio cheese ripening, with specific reference to some characteristics of biotechnological interest. Nine batches of Montasio cheese produced in different plants were analyzed. Streptococcus thermophilus was the predominant species throughout the whole ripening period of Montasio cheese. Enterococci were also frequently present. This microbial group resulted probably from milk, and its proportion decreased rapidly during ripening. The most acidifying microbial species was S. thermophilus, while the most proteolytic strains belonged to the genera Enterococcus. A high degree of phenotypic diversity occurred within the microbial species.
Introduction
In many Southern European countries cheeses are made from cow's, goat's, ewe's and bu¡alo's milk by farmers and shepherds on a small scale in the farmhouse or dairy using traditional techniques. Commercial starter cultures are not normally used in making these cheeses ; instead the cheesemaker relies on the lactic acid bacteria (LAB) naturally present in the milk, as adventitious contaminants, to grow and produce the lactic acid required for expulsion of the whey from the curd during cheesemaking. Alternatively, di¡erent types of natural cultures are used which are produced by incubating milk or whey from the previous day under de¢ned conditions. These cheeses are generally designated as 'artisanal'. With some notable exceptions, little is known about the LAB involved in artisanal cheese production and ripening [1] .
Cheese made from unpasteurized milk and following traditional manufacturing procedures may possess a very diverse and rich micro£ora ; the quality of the cheese depends to a great extent on the composition of that micro£ora. When cheese is produced following traditional procedures from raw milk, the environmental micro£ora plays a fundamental role in fermentation and is one of the most important parameters a¡ecting the cheese quality. In addition, the biodiversity of bacteria involved in cheese production can be considered a fundamental factor for the maintenance of the typical features of traditional cheese products. Recent investigations have shown that the indigenous micro£ora of raw milk in£uence the biochemical characteristics and £avor of cheeses [2] .
Large-scale industrial processes that rely on the use of selected cultures led to a low variability in the dairy micro£ora. However, some traditional dairy products still rely on spontaneous milk fermentations or with unselected starters, which results in a large variety of products with di¡erent £avors, consistencies, and microbiological qualities. These products have been proposed as a source of new and interesting strains for use in milk fermentation.
Montasio cheese is a 'protected denomination of origin' semihard cheese produced in North-East Italy from raw or thermized cow's milk using natural milk culture, which is made of a thermophilic culture obtained by incubating thermized milk (63 ‡C for 20 min) at 44 ‡C for 18^20 h. Cheeses are made daily from mixed evening and morning milk. Montasio cheese is salted in brine and ripened for at least 2 months.
Until now, to improve the quality of Montasio cheese studies have been focused on several aspects of Montasio cheesemaking, including chemical, rheological and sensory characteristics [3, 4] . No or little information is available on the cheese micro£ora and its evolution during ripening. The aim of this study was to characterize the microbial groups of technological interest during the ripening process of Montasio cheese made with thermized milk and natural milk culture from di¡erent small areas in the north-east of Italy.
Materials and methods

Cheesemaking and sample preparation
Nine Montasio cheeses were made in duplicate according to the traditional practice [5] , with thermized milk (62 ‡C for 15 s) from nine di¡erent plants. Milk, natural milk culture, curd before salting, and cheese after 10, 30 and 60 days of ripening were taken from each batch. Before plating, to the curd and the cheese samples were added nine volumes of a 2% solution of sodium citrate (Sigma), homogenized for 2 min in a Stomacher Lab-Blender 400 (PBI International, Milan, Italy) and then diluted in saline solution. Milk and natural milk culture samples were serially diluted in sterile saline solution.
Counts of micro£ora
Samples were analyzed for total mesophilic bacteria with the exception of LAB on Count Agar Sugar-free at 30 ‡C for 48^72 h, total and fecal coliforms on ColiID agar incubated at 37 ‡ for 24 h, mesophilic and thermophilic lactobacilli on MRS agar pH 5.5 incubated at 30 ‡C/45 ‡C for 48 h under anaerobic conditions, mesophilic and thermophilic lactococci on M17 agar (with 10% w/v lactose) at 30 ‡C/45 ‡C for 48 h, enterococci on Kanamycin Aesculin Azide agar at 37 ‡C for 48 h, Leuconostoc spp. on MRS agar pH 5.5 added with vancomycin 100 Wg ml 31 incubated at 30 ‡C for 48 h, coagulase-positive staphylococci on Baird-Parker medium incubated at 37 ‡C for 24^48 h, and yeasts and molds on OGYE agar at 25 ‡C for 5 days. The media were obtained from Oxoid except for Count Agar Sugar-free (Merck) and ColiID (BioMe ¤rieux).
Isolation and biochemical identi¢cation of isolates
At least ¢ve colonies were randomly picked from MRS and M17 agar count plates of each batch of cheese at di¡erent stages of ripening (natural milk culture, thermized milk, 30-and 60-day-old cheese), and after puri¢-cation stored at 380 ‡C in either MRS broth (rods) or M17 broth (cocci) plus glycerol (Merck) (v:v 70:30) until further characterization. After microscopic examination, Gram-positive and catalase-negative rod-shaped bacteria were tested for their ability to grow in MRS broth at 15 ‡C for 7 days and at 45 ‡C for 48 h, and cocci for their ability to grow in M17 broth at 10 ‡C for 10 days and at 45 ‡C for 48 h. Mesophilic rods were tested for their ability to produce CO 2 from glucose by subculturing the isolates in MRS broth with citrate omitted and containing inverted vials (Durham bells). Gram-positive, catalase-negative cocci and rods were identi¢ed by performing biochemical and physiological tests [6^8] . Carbohydrate fermentation patterns were determined using a miniaturized method, which imitated sterile multiwell plates [9] .
Polymerase chain reaction (PCR) identi¢cation of isolates
After the biochemical identi¢cation, most strains were identi¢ed using speci¢c PCR primers. Speci¢c PCR's were performed for the following species: Lactococcus lactis subsp. lactis, L. lactis subsp. cremoris, Enterococcus faecalis, E. faecium, E. durans, E. gallinarum, Enterococcus spp., Streptococcus thermophilus, Lactobacillus acidophilus, Lact. casei, Lact. helveticus, Lact. paracasei, Lact. plantarum, Lact. rhamnosus. The PCR reactions were performed according to the protocols reported in the literature [10^19]. Total DNA was extracted from 1 ml of overnight cultures in MRS or M17 broth. Cells were pelleted in a microcentrifuge at 8000Ug for 5 min, washed in 1 ml of TE bu¡er, then in 1 ml of distilled water, and resuspended in 200 Wl of distilled water containing 10 Wl of proteinase K (Sigma) (10 mg ml 31 ). The resulting suspension was incubated at 65 ‡C for 1 h and boiled for 10 min. The suspension was then centrifuged at 10 000Ug for 5 min. One hundred and ¢fty Wl of the supernatant was used as template DNA. PCRs were performed in a MiniCycler (MJ Research) in a ¢nal volume of 25 Wl. Five Wl of template DNA was used in the reaction mixtures. The PCR products were separated by electrophoresis on 1.5% or 2% agarose gel in TBE bu¡er 0.5U at 100 V and then stained in ethidium bromide solution (0.5 Wg ml 31 ). DNA ladders (Takara) of 100 and 200 bp were used as molecular size markers. Collection type strains were included in each reaction as positive or negative controls.
Physiological characterization of isolated strains
The strains were examined for acid production, and for proteolytic activity in skimmed milk. The acidifying capacity was determined on isolates by recording the pH variations of milk cultures. Activated cultures were inoculated at 1% in 100 ml sterile reconstituted skimmed milk (Oxoid) incubated at 30 ‡C and 42 ‡C, for mesophilic and thermophilic bacteria, respectively, and the pH was measured throughout a 24-h incubation period. Values of vpH after 6 h (vpH 6 ) and 24 h (vpH 24 ) were used to compare the acidifying activity of the strains. The amino acids/peptides accumulated in the milk by the proteolytic activity of the test strains were determined after growth at 15 ‡C for 7 days, and at 30 and 37 ‡C for 48 h for mesophilic and thermophilic bacteria, respectively [20] . Results were expressed in mg ml 31 tyrosine after comparison with a calibration line.
Statistical treatment of data
The data were statistically analyzed by the variance analysis and the means separated according to Tukey's HSD test with a signi¢cance level (P) of 0.01.
Results and discussion
The mean counts of the di¡erent microbial groups during Montasio cheese ripening are summarized in Table 1 .
The microbiological quality of the milk used for Montasio cheesemaking proved to be quite satisfactory. Total mesophilic counts were considerably lower than those reported by other authors for raw cow's milk cheeses [21] . Total coliforms were low in milk, and disappeared rapidly during ripening, probably due to the inhibitory e¡ect of dipping pH by lactic acid micro£ora from natural milk culture and milk; fecal coliforms and Escherichia coli behaved similarly. Despite being indicators of fecal contamination or of insu⁄cient thermal treatment in pasteurized milk cheeses, some authors suggested that high counts of coliforms might contribute to the development of the characteristic aromas of raw milk cheeses, which are desirable for this type of product [22^24]. Coagulase-positive staphylococci were found at low levels in cheese. Their count decreased during ripening, probably due to the e¡ect of low pH. Pathogens in cheese are commonly ranked as high, medium and low risk, and Staphylococcus aureus belongs to the less dangerous type [25] . High counts of mesophilic and thermophilic LAB were present in raw milk, with a predominance of coccic species. The predominance of cocci over rods was also evident in the natural milk culture (in which a selection of thermophilic and thermoduric species occurred as an e¡ect of milk thermalization), in curd and in cheese ; these microbial species are probably the most accountable for ripening processes in Montasio cheese. LAB counts were higher in curd than in thermized milk, owing to the addition of natural milk culture and the e¡ect of physical entrapment of bacteria in the curd during whey draining. In spite of the high number of bacteria from di¡erent microbial groups, LAB became soon dominant after manufacturing. Mesophilic lactobacilli were present at low levels in curd, but increased markedly during cheese ripening. These are commonly referred as the 'non-starter LAB' (NSLAB). They either survive thermal treatments or enter the cheese or curd as posttreatment contaminants, and are the only microbial group which grows well in the hostile environment in the interior of the cheese which has a low pH, a high salt content, lacks a fermentable carbohydrate, is anaerobic and may contain bacteriocins produced by starter bacteria. The leuconostocs grew very poorly and reached ¢nal cell numbers of around 10 5 CFU g 31 . An important role of this microbial group in dairy fermentations is in cheese aroma development and eye formation through their ability to metabolize citrate and ferment carbohydrate, but their presence may be undesirable in ripened cheese where they can be associated with gas defects [26] . Enterococci counts peaked at 30 days; these organisms may derive, mainly, from contaminated raw milk, due to poor cleaning practices at the farm. The presence of high counts of enterococci during the late stages of Montasio maturation suggests that these bacteria may play an important role in the ripening of this type of cheese. Enterococci have been reported to be one of the most resistant microbiological groups to adverse conditions such as salt and acidity, which explains their predominance in several cheeses [1] . The role of enterococci as a relevant component of natural cultures involved in the fermentation of artisanal cheeses has been described in detail [27] , and E. faecium has been included in the list of the LAB starters by the International Dairy Federation. E. durans, E. faecalis and E. faecium were the species most frequently present during Montasio cheese ripening. These microbial species resulted probably from milk, and their proportion decreased rapidly during ripening. In a recent investigation it has been noted that E. faecalis strains showed a generally better performance compared to E. faecium and E. durans, in respect of some biochemical properties such as the acidifying ability and proteolytic activity [28] . Nevertheless, over the last two decades, enterococci, formerly viewed as organisms of minimal clinical impact, have emerged as important hospital-acquired pathogens in immunosuppressed patients and intensive care units. Enterococci do not possess the common virulence factors found in many other bacteria, but they have a number of other characteristics, e.g. the resistance to antimicrobial agents, that may contribute to their virulence and make them e¡ective opportunistic pathogens. Food-borne enterococci have not yet been clearly involved as direct causes of clinical infections [29^30] . Detailed information about the biochemical properties of LAB is the ¢rst step to select strains for technological applications in food industry. However, since enterococci have been recognized in recent years as major nosocomial pathogens, one should carefully consider the potential virulence factors of this group of microorganisms before use. Special care should be taken that enterococcal strains used as probiotics or starter cultures should not acquire antibiotic resistance or carry potential virulence factors.
In 60-day-old Montasio the number of yeasts is between 10 3 and 10 4 -fold lower than that of LAB. One reason for the competitive disadvantage of yeasts may be the increasing compactation of the cheese matrix as the ripening time elapses, which reduces the di¡usion of molecular oxygen required for the active multiplication of yeasts, although most yeasts can also grow at lower rates without oxygen [31] . However, they deserve special attention because some yeasts are able to synthesize lipolytic and proteolytic enzymes, which may eventually contribute to the development of aroma and £avor during ripening. It is, however, well established that their major contribution to the ripening process is the utilization of lactic acid, which, by increasing the pH, encourages growth of the bacteria sensitive to acidic environments, and thus helps initiating the second stage of maturation [32] .
Mold grew poorly in cheese environment and reached ¢nal cell numbers of around 10 3 . Molds may proliferate on walls and shelves of ripening rooms, and strict cleanliness is the most important way of controlling their growth in these areas. In the case of Montasio cheese the cheesemakers use recurrent brushing to exclude mold spreading on the cheese surface. From milk to curd to mature cheese, a reduction of variation coe⁄cients was evidenced for almost all the parameters considered (data not re- ported). This consideration allowed us to conclude that the microbiological quality of Montasio cheese could be considered almost the same inside the geographical borders of Montasio cheese production. This consideration is consistent with the conclusion that the environment of production area could greatly a¡ect the characteristics of traditional cheeses [33] . A total of 899 strains isolated from MRS and M17 plates were submitted for identi¢cation. The results obtained by means of the genus/species-speci¢c ampli¢cation reactions and by means of the biochemical tests are summarized in Table 2 and examples of PCR product visualization are represented in Fig. 1 . PCR ampli¢cations allowed us to identify 813 out of 899 isolates. S. thermophilus was the predominant species throughout the whole ripening period of Montasio cheese, and its percentage of isolation increased step by step from raw milk to mature cheese, the sign of this species being accountable to a great extent for biochemical processes related to product ripening. The presence of high levels of S. thermophilus in 60-day-old Montasio cheese is rather unusual compared with other cooked-curd cheeses. In a research on 35 di¡er-ent European artisanal cheeses, a low frequency of isolation (about 14%) has been evidenced for this microbial species, which is instead usually present in high concentrations in fresh cheeses or in curd [1] . Among lactococci the species isolated most frequently were L. lactis subsp. cremoris and L. lactis subsp. lactis. These microbial species are usually present in traditional cheeses. The frequency of isolation of lactococci was about 11% in raw milk, and remained almost the same in mature cheese. Lactococci have been used in the production of fermented dairy products for centuries. Based on microbiological and biochemical characteristics, L. lactis subsp. cremoris is the preferred organism for manufacturing aged Cheddar cheese [34] . Among lactic acid rods, Lact. casei was the predominant species in raw milk and natural milk cultures ; in 60-day-old cheese its percentage of isolation decreased and the prevailing species became Lact. paracasei, frequently isolated from artisanal cheeses [35] . Other species isolated in variable amounts, such as Lact. ke¢ri, Lact. brevis, Lact. helveticus and Lact. plantarum, are characteristic of dairy environments. The prevailing species were mesophilic species, either in raw milk and natural milk cultures or in mature cheese.
The acidifying and proteolytic activities of isolated strains are shown in Table 3 . The most acidifying microbial species was S. thermophilus, which was able to reduce the pH of skim milk from its normal value of about 6.6 to less than 5.4 in 6 h at 42 ‡C. If evaluated after 6 h of incubation, 25.7% of strains could be considered fast strains; after 24 h this value decreased at 8.2%. These are thermophilic species known for their good technological properties, which therefore are selected for the production of commercial starters for cheesemaking. Lactococci tested in this study could be classi¢ed as medium acidifying strains. Enterococci tested in this study were slow acidifying strains. This consideration is consistent with data reported by other authors, which classi¢ed this microbial group as proteolytic bacteria [36] , even if other authors evidenced a strain-speci¢c acidifying activity [1] . The most proteolytic strains, either at 37 ‡C or at 10 ‡C, were Enterococcus spp. The other species tested had a poor proteolytic activity, with the exception of Lact. brevis and Lact. plantarum, two species classi¢ed as NSLAB, for which a relationship with cheese £avor development has been evidenced [21] . Lactococci displayed a low casein breakdown ability. With respect to this metabolic ability it is possible to ¢nd groups of strains characterized by a di¡erent proteolytic activity; in fact it has been demonstrated that some lactococci strains were able to contribute, through a high proteolytic activity, to the formation of aroma compounds in cheese [37] . These results could corroborate the theory that the predominance of strains with particular capabilities is connected to a speci¢c environment. In fact, metabolic pro¢les of isolates will re£ect both environmental and genomic constraints. S. thermophilus strains were also low proteolytic. Cogan et al. [1] found that this metabolic activity was present at high levels in this microbial species, whereas other results were consistent with this study [38] . Actually it has been demonstrated that the presence of peptides with low molecular mass and lysine-containing peptides could stimulate the growth of this microbial species, suggesting the presence of e⁄cient peptidasic systems [39] . As regards the technological behavior of isolated strains it has been shown that a high degree of phenotypic diversity exists within the microbial species. This versatility is the main factor which makes bacteria essential components of numerous industrial processes. The possibility of choosing biotypes with di¡erent biotechnological characteristics from within a species can improve the level of control over a fermentation process, thereby producing end products which have unique characteristics. Autochthonous micro£ora of cheeses represents a heritage which has to be protected and conserved. In the case of Italian production, the protection of natural micro£ora is a duty, considering that the Italian cheeses are mostly typical products whose quality characteristics are mainly due to the presence of speci¢c microorganisms. The need of assuring quality and standardization has led to the use of selected starters in large-scale industrial processes, with the consequent loss of natural microbial biodiversity and maintenance of the typical features of traditional cheese products. This method of working has reduced the number of strains present. The use of these starter cultures, which is also necessary when fermenting pasteurized milk, is responsible for a certain uniformity of the products, fermented milk as well as cheeses. The introduction of new fermentation techniques has the drawback that the raw milk £oras are in danger of being lost. The NSLAB in these £oras, however, are believed to contain strains, which are essential for producing the characteristic £avors of traditional cheeses. Therefore, there is a strong need to study these raw milk £oras more closely and to understand their importance in £avor formation. These studies may yield strains with promising and useful properties, which will make them applicable as starters for product innovation.
